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PROBLEM TO BE SOLVED: To obtain a new thionine gene having improving effects on salt stress resistance of plant, capable 
of contributing to agricultural production, comprising a gene encoding a specific amino acid sequence or a gene having 
homology to the gene on an amino acid base. 

SOLUTION: This new thionine gene is a gene encoding an amino acid sequence of the formula or a gene having >=70% 
homology to the gene on an amino acid base, has improving effects on salt stress resistance of plant, is effective for improving 
salt resistance of plant and consequently is capable of contributing agricultural production. The new thionine gene is obtained by 
extracting the whole RNA from a green leaf tissue of Nicotiana excelsior subjected to salt stress, separating a mRNA by a 
routine procedure, preparing a cDNA library using the mRNA and screening the library by a differential screening method. 
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[#frijt#cD35ffl] 

[»*■ i ] ie^J*oB2?»j## 1 K^n^r $ 

<0*)%. 1 n t-2 3 7 n t(D««©*»lB^J*Wr«5 

[gf*S3 ] ffi^J*<DE3ftJ»^2ic^3n*7 5 s®. 
BB^J* ^ - FT *«£^Xtt»*&F-£ T 5 -/RIBgr 10 
7 0%W±©ffll5jtt^L, mm<D&* Y UXiSM^fa 

<D5*>> 3 3 n t - 3 4 7 n t Oi^OlIi^J^^I' 

<E>5^ 4 8 n t-3 6 5 n t CDM^O^ie^J^WT 
[0 0 0 1 ] 

[0002] 

aw, s^sswcds*^*^ 
i^ift»D*3tc6r. mm^m 5 c tic* vztiz-cm 

[0 0 0 3 ]-^ ^^^>3g(^«, h~?K ^^"A 

CCtel>Ti|iSt3*rri>£. */c, ^m-y-T (Nicotian 
a)l^if ^tl^jr^^Nicotiana tabacum L. W38£)?E 
«FSW^=f^>jtfK^-4>#lltSJhrc^CMolecu1ar & G 
eneral Genetics (1992), 234, 89-96) Nicotiana 
sylvestris; Plant Science (1996), 118, 185-194) 0 50 
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[0 0 0 4] 

[0 0 0 5 ] S£XiF9S<Dffi* k ffitt&te 

ONicotiana excelsior ££t>'Nicotiana paniculate 

[0006] rfc*>^ ##6Wi, ie^ja©ie^j## 
i v 2Xtt3cc^34i&T5y»Be^j«:3- K-r-sae 

[0 0 0 7 ] 

[mnomwomm^ *m§m%h\*. Nicotiana m<o 

Vy^tfC^ (Plant Physiology (1995), 108, 106). N 
icotiana excel si or4o <£c>' Nicotiana paniculata^^X 

m^<Omm& (250rrW NaCl) L T b&jfftfial 

[0 0 0 8 ] ^Ur. cne>Oiti&teNicotiana Uta^I 

>c DNA^§1-^Ci(C^L//c 0 Nicotiana exce 
Isior &5fcCD2ffi!I<7)^^>c D N ACO^ie^JRO* 
ZcmfcT 5 -/»ge^J«:fie^©BB3nj## l Rc>*2 OC, 
Nicotiana paniculata&3fc<£>?-^~> c DN ACDiM^gS 

WRc^-e<o»jfcr s >BfflB^j*Bew«©se^»^3 cc^ 

[0 0 0 9] 1 - 3 ft£T 5 ^IB?U£ 

5 1 n t - 2 3 7 n t (K?iJS# 1 ) ( r n t J teUffl 
#B©**U#*K±l>5S«*-C&&> . 33nt-3 
4 7 n t (1B?»J##2 ) Sc>'4 8nt-3 6 5 nt (IB 

3 K >««BK#SEr -5©r , 1 - 3 

t>. KW*#l-3«c^S*a*r5>'i(iB3»JS=i--K-r 

[ooio] ?e>tc, — jRic^srSte^w-rs^'j^^ 


ZtiXtettlmZtitcbOXb-iX. I^J#-5f 1 - 3 Ktjt 

*t,<»8 $ 6tc*?$ L < 1*9 OKBl, $ 

6«C»*K»9 5«eU:, 3 6K»*l/<t*9 8568 10 
±r&£. ftfc, cco^ft. tSIHftitfc^i, «*.« 
Stt©ffltM*RW^«SSSffi (Nucleic Acid Research, 
Vol. 10, No. 20, p6487-6500, 1982) »«C<fc*)SBK: 

(^tsc^t^^. ftfc, ccr r u*i*f$ 

i^W^^fltcJDX^ ©^I^^TTn-rMicotiana excelsior 
X&£ Nicotiana paniculata©*§^l&$$;fc6£>m R N 20 
6c DNA7^^ »;-*ft*!U CCDcDNA^:/ 

^'j-^iorffli^, ^©rt-pcr&ccJ: 

[0013] wmicmB+z&xLxi&nm&ztftes 
j?mm<£m£2tix*5*) % 

c ft 6<D£*a<£>2£JJf ^^-co^o-^> ^fitcjf A 

^mmm^m^tc^mm^conmmmtLx^ v 

-y^^^^Ray'ohy'^^hm (Af?^(i9S6) 
^wtf^o^j , UjEg^, Wffl^ius. p. 19 

7-213)CD^2 0 7-2 1 21, £tf#M£fc«2 CrtSW 

X (1939) h^vxj;,:^^^. r wttitew $R©£ 
&j . ^wtt pgBBSne>3iip26i-276) *s«arcao. 

*«aft*tttt«^«WO 9 4/0 0 9 7 7#fi*«Cffi 
«3tlTt^. 50 
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[0014] *miom&*<tj:Vftm$m2tiz>mm 

4$tCRSSft£4>©rttftl,^ W*b^*«J<D« 
iUr^-YX, h^PJi/, h^FM 
^A^^f^ci^Tt, ft#»*Cfc, #WX. 

[0015] 

fc©r{iftc> 0 

[0016] Slggn <«»*»©£«> 

Nicotiana excel si orteJrO'Nicoti ana paniculatali, 

*g^J (#«J:k 1:1) *5£tf>fc, ig&fr I 0 c mOJI 
MC&ffiUfc. *©««. AX^fif^ 
Cc^O ( 1 2KSFlfflBfi, Sfi2 3iC. tS2t&g7 0 
%) . 1 H*/c0 1 0 OmLO l/4M*-^7> K 

tm&mfcotc. j&x r u^shmjccw:. 250m 

1 a 1 0 0mLl*l/fc. 

[0017] gafeW2 <mRNA(Dft&Hi> 
Nicotiana excelsior 4tf<fcc>*Nicotiana pani cul ata^li! 
*&3fe^6CD:£RNA ^tlltiOstrem^O^ (Ostrem et a 
1., Plant Physiology 84,1270-1275(1987)) (C^ot 
tf^/c^, 3«ISfcafcO«T©j5*ttS:Ofc. 

[0018] 1 ) ^tfcl»*«:«HiffiiR««[i7i 
y - JU i ^tctf ft 5 1 B#R3fT ^ fc 0 

[0 0 19] 2 ) »C^±?f^:^nn^^Ai^Cctf 
-5 ^^^r ^K±T?ff o /c a pol y(A) * -RNACDWti«Qui ckPre 
p mRNA purification Kit (Pharmacia t±l^) ^r^ffi 

[0 0 2 0] ^^j3 <Nicotiana excelsior 
>cDNACD#g|> 

h UXSr^W/cN. exc€ls1or«*cDNA^-r^y- 

tB. ff^bfcpoly(A)*RNA ^iliL/t. TimeSaver cD 
NA Synthesis Kit (Pharmacia ttSS) , ^O- — >^ 
^^-OCt^AZAPII (Strataqene) ^:<^ffl Ortf 

s^iBiiaior xLi-eiue zmmLtc 
[0 0 2 1 ] cdna7-c^7 y-©;** r 

[0 0 2 2 ] X* f J -^>^^f^/c:a5C0^®7*^-^ 
Strataqenet±©^l#SfC^orffo/c, ?'y-9 

COHybond N" (Amersham?iiS| ) ^rffll^c. — ftOSK^Stft 

/cX ^ 'j - ji> ^'ffl^- H' P >HOS1*«. Amershamtt 

p 7* a - 7li&T<D J: ^> u r f^SJ t fc. *ISW 2 


-Cf§/c.poly(A)'-RNA 50-100ng £:30/i I <DW(M^k^t^M 

h/il. MMLViS!lg¥»3Ra5«©5X3l«iij«E (^ffiiS) 

£5 u I . dATP- dcrp • crnrp#?*& (&iomM) £5 w 1 . 

JI P-dCTP (Amershamtt) £l /i 1 <10 mCi) . 

6 ti l»Dx.. <fc<fi^Ufc«{c. rmlv 

HS) £l u 1 mz.tc C<Dfx&mZ 3 7 °CC 1 B^j^ 

(A)* -RNA&COl>T\ *tL<£tlftMLtc 0 2«fa!0fct 
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*ver.8 (V7 f^7» CCJ^frofc. ^©JSm. 
§23^Ji^ 1 fecfcO* 2 &Ctk*3" 2 flCDcDNA, NeTHIl, NeTHI2£ 

[0 02 5 ] X$fefflJ4 <Nicotiana paniculata? 1 ^ 
>CDNA©^> 

Nicotiana paniculata t^h<0^-^=- >cDNA<E>#8fteH; 
Jrfc{?iJ3 £[Hj*&Ct*T -?/c#, =5 4-7=5 'J -fl^tC&iZAP cD 
NA synthesis kit ( StrataqenettgD ^l^Ttfo 

10 r N. panicu1at^e>f#/cpolv(A)*-RNA^:ffiCsrtfo 
/Co ^CDj^m> 12^3 (C^-T CDNA, NpTHIl£|#ftl 0 
[0 0 2 6 ] 

[0027] 
1 

SE^JcDS2 : 456 
S^J<D*i3I : cDNA to mRNA 


20 ic3*J#-^ 


£$5£ : Nicotiana excelsior 
1$ W : ^ - > CD cDNA ( NeTHIl) 

1. .240 CDS 


Wt. 300 nM NaCl , 30 mM trisodium citrate 4 0.1% S 
VS&m^X65*CV2(yftm2 m>X75 rrM Nad, 

7.5 mM trisodium citrate, 0.13$ SDS£ffit*"C65°CT?20 
fm 2[fitffo/c. n> hP-^i^ h UX^IIKCD^ 

£>P ff 6ftfc^a->K^£ft£*$AcDNA 
^>tt*, StrataqenettCO^|^^iC^^Tff^T v pBlu 
escript ^7X> KtClJ-:/* U — — > ^L/c 0 

[0023] nhtifcm^u->(ommmdkmx. 

CNA ->-^>1f -Model 373A ( 7 V=y 4 Y>^A * IsX r~ 
AXfrgO Zffl^X, JStDfCWTaq Dye Terminator Cyc 
le Sequencing Kit (7^=7 -{ FA^'>xnX|i 

[0 0 2 4] f#6ftfc»aKW©W#fW. GEfeTYX-4vWC * 30 

CTC TTT GTT GCC TAT GV3 CTG CAA GOT AGA GAA TGC GCA AGA GAA ATT 
Leu Phe Val Ala Tyr Clu Val Gin Ala Arq Glu Cys Ala Arq Glu He 
1 5 10 15 

TTC ACT GGA CTA TGC ATT ACC AAT CCA CAA TGC AGA AAA GCT TGT ATC 
Phe Thr Gly Leu Cys lie Thr Asn Pro Gin Cys Arq Lys Ala Cys He 

20 25 30 

AAA GAG AAA TTT ACT GAT GGT CAT TGT AGC AAA ATC CTC AGA AGG TGT 
Lys Glu Lys Phe Thr Asp Gly His Cys Ser Lys He Leu Arq Arq Cys 

35 40 45 

CTA TGC ACT AAG CCA TGC AGA GGA GCT GAA ACT TTA GCT GAG GAA GCA 
Leu Cys Thr Lys Pro Cys Thr Gly Ala Glu Thr Leu Ala Glu Glu Ala 

50 55 60 

ACA ACT TTG GCT GCA GCT TTG CTT GAA GAA GAG ATA ATG GAT AAC 
Thr Thr Leu Ala Ala Ala Leu Leu Glu Glu Glu He Met Asp Asn 
65 70 75 

TAATTAGAGA TTAGAATAAA TTAAGCATGG AGAGTCACAC ATAATAAAGT TTCTACCT TT 
CTTAAMGTG TAGCTAATGT TGTGTTTTAA TTGGCTTTTA GTAGCCTTTT ATTACACTTT 
AAATAAGTGT GCCACTTCAA CCCTTTGTGC AATCTTGCAC TAAGTTTATT CGTGTACTTT 
TAATGAAAAT CACCTTCTAT GGI I I I I GTT TAAAAAAAA 


4S 


96 


144 


192 


237 


297 
357 
417 
456 
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[0 0 2 8 ] : 2 * Si* 

EW<Dfi3 : 566 : Nicotiana excelsior 

: ffl® &m-- XDcVNA ( NeTHI2 ) 

h#n*J-:mM&R 33.. 350 cds 

^IJCDS^I : cDNA to mRNA * 

TTCCTATCCT TTTTTACTCA TTCAMCTM CT ATG OCT C0C TCC GTC TGC TTC 53 

Met Ala Arq Ser Val Cys Phe 
1 5 

ATG GCA TTT GCT ATC TTG GCA GTG ATG CTC TTT GTT GCC TAT GAT GTG 101 
Met Ala Phe Ala lie Leu Ala Val Met Leu Phe Val Ala Tyr Asp Val 

10 15 20 

GAA GCT AAA GAT TGC AAA ACA GAA AGC AAT ACA TTC CCT GGA ATA TGC 149 
Glu Ala Lys Asp Cys Lys Thr Glu Ser Asn Thr Phe Pro Gly He Cys 

25 30 35 

ATT ACC AAA CCA CCA TGC AGA AAA GCT TCT ATC AM GAG AM TTT ACT" 197 
He Thr Lys Pro Pro Cys Arq Lys Ala Cys He Lys Glu Lys Phe Thr 
40 45 50 55 

CAT GCT CAT TCT AGC AM ATC CTC AGA AGG TGT CTA TGC ACT MG CCA 245 
Asp Gly His Cys Ser Lys He Leu Arq Arq Cys Leu Cys Thr Lys Pro 

60 65 70 

TCT GTG TTT GAT GAG MG ATG ATC AM ACA GGA GCT GM ACT TTA GCT 293 
Cys Val Phe Asp Glu Lys Met lie Lys Thr Gly Ala Glu Thr Leu Ala 

75 80 85 

(AG GM GCA ACA ACT TTG GCT GCA GCT TTG CTT GM GM GAG ATA ATG 341 
Glu Glu Ala Thr Thr Leu Ala Ala Ala Leu Leu Glu Glu Glu lie Mst 

90 95 100 

GAT AAC TMTTAGAGA TTAGMTAM TTMGGATGG AGAGTCACAC ATMTAAAGT 397 
Asp Asn 

105 

TTCTACCTTT CTTAAMGTG TAGCTMTGT TGIGI I I IAA TTGGCTTTTA GTAGCCTTTT 457 
ATTACACTTT AMTMGTGT GGCACTTCM CCOTTCTGC MTCTTGCAC TMGTTTATT 517 
CGTGTACTTT TMTGMMT CACCTTCTAT GGTTTTTGTT TAAAAAAM 566 

[o o 2 9 ] : 3 xmm 

E&l<D&$ : 558 £$9% : Nicotiana paniculata 

IB^iJcDM : WBt 14® : ^*~>©cDNA (NpTHli) 

h^H^- : Kjfttt 48. .368 CDS 

CDMA to mRNA -*;40 

CTTTTATTAT TATTMTTCT TATCTTTTTT ACTCATTCM AGAMCT ATG GCT CGC 56 

Met Ala Arq 
1 

TCC TTG TGC TTC ATG GCA TTT GCA GTC TTG GCA ATG ATG CTT TTT CTT 104 
Ser Leu Cys Phe Met Ala Phe Ala Val Leu Ala Met Met Leu Phe Val 

5 10 15 

GCC TAT GAG GTG CM GCT AAG ACT ACT TGC AAA GCA GM AGC MT ACA 152 
Ala Tyr Glu Val Gin Ala Lys Ser Thr Cys Lys Ala Glu Ser Asn Thr 
20 25 30 35 


(6) #P8¥ 10-295380 

9 ■ 10 

TTC CCT GGA TTA TGC ATT ACC AAA CCA CCA TCC AGA AAA CCT TGT CTC 200 
Phe Pro Civ Leu Cvs He Thr Lvs Pro Pro Cys Arq Lvs Ala Cys Leu 

40 45 50 

ACT GAG AAA TTT ACT GAT GGA AAA TGT ACC AAA ATC CTC AGA AGG TGC 248 
Ser Glu Lys Phe Thr Asp Gly Lys Cys Ser Lys lie Leu Arq Arq Cys 

55 60 65 

ATT TGC TAC AAG CCA TGT GTA TTT GAT GGA AAG ATG ATC CAA ACA GGA 296 
He Cys Tyr Lys Pro Cys Val Phe Asp Gly Lys Met He Gin Thr Gly 

70 75 SO 

OCT GAA AAT TTG GCC GAG GAA GCA GAA ACT TTG GCT GCA GCT TTG CTT 344 
Ala Glu Asn Leu Ala Glu Glu Ala Glu Thr Leu Ala Ala Ala Leu Leu 

85 90 95 

GAA GAA GAG ATG ATG CAT AAC TAATTAGAGA TTATAAGAAA TTAAGCATGA 395 
Glu Glu Glu Met Met Asp Asn 
100 105 

AGTGTCACAC ATAATAAAGT GCTGCCTTTC TTAAAAGTCT AGCTAATGTT GTGTTCTTAT 455 
TGGCTTTTAG TAGCCGTTTG TTACACTTTA AATAAGTGTG GCACATCAAT CCTTTGTTAC 515 
TTTTAATGAA AATGATCTTC TATGGTCTTT GTTTAAAAAA AAA 558 


